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Summary.-Cellular localization of carcinoembryonic antigen (CEA) in medullary
thyroid carcinoma was studied in ethanol-fixed, paraffin-embedded specimens
using the direct and indirect immunofluorescent techniques. It was demonstrated
that CEA was present not only on the surface, but also in the cytoplasm of tumour
cells. The immunofluorescence in the cytoplasm differed considerably in intensity
from cell to cell. By contrast, no significant fluorescence was demonstrated in tissues
of other types of thyroid adenocarcinoma, adenoma, Graves' disease and normal
thyroid, with few exceptions. The results obtained indicate that CEA is actively
produced by the tumour cells, and is present as a constituent of the cell membrane.
MEDULLARY carcinoma of the thyroid
(MCT), which originates from the para-
follicular cell, is distinguished by produc-
tion of various bioactive substances such
as calcitonin (CT), histaminase, etc. (Mel-
vin, Tashjian and Miller, 1972). Quite
recently we have demonstrated remark-
ably high concentrations of carcinoem-
bryonic antigen (CEA) in sera and tumour
tissues obtained from MCT, but rarely in
other histological types of thyroid carci-
nomas (Ishikawa and Hamada, 1976).
Serum CEA level bore a significant
positive correlation with serum CT level,
but was not affected by calcium infusion,
indicating a secretory mechanism distinct
from that of CT (Hamada et al., 1976).
The present study has been performed
to localize CEA in MCT employing the
direct and indirect immunofluorescent
techniques.
MATERIALS AND METHODS
Tissue.-Twelve tissue specimens were
obtained at surgery from one patient with
medullary carcinoma, 4 with papillary adeno-
carcinoma, one with papillofollicular adeno-
carcinoma, one w,ith follicular adenocarci-
noma, 3 with follicular adenoma and 2 with
Graves' disease. Two normal specimens were
obtained from normal thyroid tissue adjacent
to the adenoma.
Immunological reagents.-Anti-CEA serum
was produced by immunization of rabbits
with a mixture of purified CEA (Ishikawa
and Hamada, 1976) and complete Freund's
adjuvant, and was further absorbed with
normal pooled serum and normal tissue
extracts of colon, lung and liver. The ab-
sorbed antiserum thus obtained formed no
precipitin line in immunodiffusion against the
normal tissue extracts.
Further, y-globulin of the absorbed anti-
serum was conjugated with tetramethyl-
rhodamine by Dr Hiroyuki Ogawa, Depart-
ment of Internal Medicine II, Kyoto
University School of Medicine, and was used
for the direct Coons method.
Anti-rabbit IgG antibody conjugated with
fluorescein isothiocyanate (FITC) was com-
mercially available from the Fujizoki Com-
pany, Tokyo, Japan.
Indirect and direct inmmunofluorescent stain-
ing.-Ethanol fixation followed by paraffin-
embedding was employed according to the
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method of Hamashiina, Harter and Coons
(1964) with a minor modification. Tissue
specimens sliced with a thickness of less than
5 mm were fixed in cold 9500 ethanol, and
dehydrated in successive baths with cold
absolute ethanol. The fixed specimens were
then embedded in paraffin after xylene
treatment.
Sections in thickness of 4 ltm were cut
from the tissue blocks, and hydrated in
successive baths with xylene and decreasing
concentrations of ethanol. After a final wash
with O-OlM phosphate-buffered saline (PBS)
at pH 7-2, the sections were subjected to
immunofluorescent staining and also haema-
toxylin-eosin staining for structural identifi-
cation.
In the indirect Coons method, sections
were incubated with the absorbed anti-CEA
serum at 37°C for 2 h. After the antiserum was
washed off with PBS, they were stained with
the FITC-conjugated anti-rabbit IgG y-
globulin at 37°C for 2 h. Excessive conjugate
was then washed off with large amount of
PBS.
In the direct Coons method, sections were
stained with the rhodamine-conjugated anti-
CEA antibody at room temperature over-
night, and then rinsed with large amount of
PBS.
Controls.-Control staining wras always
run simultaneously employing normal rabbit
serum in place of anti-CEA antiserum.
Furthermore, antibodies absorption with
purified CEA was performed as a control
experiment. Purified CEA was obtained from
perchloric-acid extracts of human colonic
carcinoma by sequential gel filtration on
Sepharose 4B and Sephadex G-200, followed
by preparative disc gel electrophoresis (Ishi-
kawa and Hamada, 1976).
RESULTS
Immunofluorescence inmedullary carrcinoma
of the thyroid
An indirect immunofluorescent tech-
nique shows that the medullary carcinoma
cells exhibited a strong green fluorescence
on the cell surface and also in the cyto-
plasm (Figs. 1 and 2). The cytoplasmic
fluorescence often appeared granular, but
the nuclei remained unstained. The im-
munofluorescence varied considerably
from cell to cell.
Larger magnification of the same pre-
paration is shown in Fig. 2. Bright
fluorescence was localized along the rim of
tumour cells and also within the cytoplasm
in some of the cells.
In control staining, using normal rabbit
serum in place of the antiserum, no
significant fluorescence was seen in the
tumour cells. Furthermore, when the
anti-CEA serum had been absorbed with
a sufficient amount of purified CEA, the
fluorescence of the immunofluorescent
cells was totally abolished.
Similar findings were obtained by the
direct Coons method employing specific
anti-CEA antibody labelled with rhod-
amine. As shown in Figs. 3 and 4, brightly
immunofluorescent cells were identified
irregularly interspersed in the tumour
tissue. Immunofluorescence of these cells
was located on the cell surface and also in
the cytoplasm, with conspicuous granula-
tion. In other tumour cells, however, the
immunofluorescence was much less intense
or almost absent.
Immunoftuorescence in other thyroid tissues
The tissues obtained from papillary and
follicular adenocarcinoma of the thyroid,
thyroid adenoma, Graves' disease and
normal thyroid were examined under the
same conditions. However, no specific
fluorescence was noted in any ofthe tissues
examined, except for one case with papillo-
follicular adenocarcinoma, in which weak
fluorescence was observed on the cell
surface but not in the cytoplasm by both
direct and indirect methods.
DISCUSSION
The direct and indirect immunofluores-
cent techniques have shown CEA-specific
immunofluorescence in medullary carci-
noma (MCT). By contrast, no significant
fluorescence was detected in other histo-
logical types of carcinomas and benign
diseases ofthe thyroid, except for one case
of papillofollicular adenocarcinoma. The
results obtained are consistent with the
highly specific association of increased
573574 SATOSHI HAMADA AND SACHIKO HAMADA
ILOCALIZATION OF CEA IN MEDULLARY CARCINOMA 575
CEA levels with MCT (Ishikawa and
Hamada, 1976; Hamada et al., 1976) and,
further, provide direct evidence for pro-
duction of CEA by this tumour.
The cellular localization of CEA in MCT
is similar but not identical to that
previously reported in gastrointestinal
tract tissues. In some cells of MCT the
immunofluorescence was seen around the
cell surface, but was almost absent from
the cytoplasm. The finding is quite
similar to those shown in carcinoma or
polyp of the colon, in which CEA is
located on the luminal cell surface (Gold,
Gold and Freedman, 1968; von Kleist
and Burtin, 1969; Denk et al., 1972;
Burtin et al., 1972, 1973; Bordes, Michiels
and Martin, 1973). In other cells, however,
bright fluorescence was noted throughout
the cytoplasm, exhibiting granulation.
Recently, a localized or diffuse distribu-
tion of CEA in the cytoplasm has been
reported in normal goblet cells and colonic
tumour cells (Rogalsky, 1975; Huitric et
al., 1976). However, the cytoplasmic
immunofluorescence in MCT was different,
in both intensity and distribution, from
that in these cells.
It has been shown in colonic cells that
CEA is secreted from the mucus-secreting
cells, and that it is associated with the
external coating of epithelial cells (Rogal-
sky, 1975; Huitric et al., 1976). It appears
likely that a similar process may be
involved in MCT.
MCT is a calcitonin (CT)-secreting
tumour derived from C-cells (Melvin et al.,
1972). It is shown by immunofluorescent
and immunoenzymatic techniques that
this hormone is diffusely distributed
within the cytoplasm in the C-cell hyper-
plasia (Wolfe et al., 1973). It appears,
therefore, that CEA differs in its localiza-
tion from CT.
So far quick-frozen sections, either
unfixed or fixed with ethanol, have usually
been used for immunofluorescent studies
of CEA, although formalin-fixed, paraffin-
embedded specimens are usable in the
immunoperoxidase techniques (Golden-
berg, Sharkey and Primus, 1976; Isaacson,
1976). In the present studies we employed
ethanol-fixed, paraffin-embedded tissues,
and found them to be more satisfactory
than frozen sections. Sections were cut
easily in thickness of 4 ,um, despite the
fragility ofthe tissue, and were suitable for
immunofluorescent staining of CEA.
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